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Protein kinase

Protein kinase is an enzyme that puts a phosphate on its

target proteins (substrates).
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Kinases in cellular signaling process
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Motif (word in natural language)
Kinases recognize specific sequence motifs and phosphorylate them .8

(Every kinase has its favorite words.)

eg)
ATM

(Kinases)
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Different kinases recognize different motifs. Some of them allow several
amino acids at one position, which can be represented by position specific

score matrix (PSSM).
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NetPhorest pipeline

Linear Motif Atlas for Phosphorylation-Dependent
Signaling

Martin Lee Miller,"** Lars Juhl Jensen,?>* Francesca Diella,® Claus Jorgensen,*

Michele Tinti,> Lei Li,° Marilyn Hsiung, Sirlester A. Parker,” Jennifer Bordeaux,’
Thomas Sicheritz-Ponten,’ Marina Olhovsky,* Adrian Pasculescu,” Jes Alexander,®
Stefan Knapp,® Nikolaj Blom,' Peer Bork,>'® Shawn Li,° Gianni Cesareni,” Tony Pawson,
Benjamin E. Turk,” Michael B. Yaffe,®" Soren Brunak,'**' Rune Linding*®''1

(Published 2 September 2008)
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Extraction of positive and negative examples for each domain or family of related domains




Redundancy Elimination of examples that are too similar at the sequence level
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Overview of the performance of the NetPhorest classifiers

15 =

p—
o
|

Classfiers
(@)
|

0 I | I I |
0.5 0.6 0.7 0.8 0.9 1

Area under receiver operating characteristic curve




NetworKIN algorithm

Systematic Discovery of
In Vivo Phosphorylation Networks

Rune Linding,"?”* Lars Juhl Jensen,®” Gerard J. Ostheimer,?>*” Marcel A.T.M. van Vugt,?® Claus Jorgensen,’
loana M. Miron,’ Francesca Diella,® Karen Colwill,’ Lorne Taylor,' Kelly Elder,' Pavel Metalnikov,’

Vivian Nguyen,' Adrian Pasculescu,' Jing Jin,' Jin Gyoon Park,' Leona D. Samson,* James R. Woodgett,’
Robert B. Russell,® Peer Bork,>®* Michael B. Yaffe,?* and Tony Pawson'"*

2007
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e Sequence motifs lack sufficient information to
uniquely identify the physiological substrates
(Linding et al. 2007)

e Cellular context:

e Subcellular compartmentalization

e Colocalization via anchoring protein & scaffolds

e Substrate capture by noncatalytic interaction domain
e Temporal & cell type specific coexpression

e Kinase-docking motifs within substrates

e Regulatory subunits




Cellular context - Subcellular compartmentalization

A kinase and a substrate should exist in the same place at the same time.

eg) Subcellular compartmentalization

Nucleus

Nuclear ernwelope

Substrate "

Cell coat

endoplasmic . 4 - - ' ; ‘ Kinase

Free ribosome

Centriole Mitachondnon
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NetworKIN Algorithm
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New NetworKIN Framework

NetworKIN

MS identification of Manual annotation of
phosphorylation sites phosphorylation sites

Rad50
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| |
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635 690
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Matching of sequence motifs for kinase families
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Construction of a context network from STRING
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Linding et al. Cell, 129,

http://NetworKIN.info
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Miller et al. Science Signaling
2008 Sep 2;1(35):ra2.
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KinomeXplorer

KinomeXplorer is an integrated framework for modeling kinase-substrate interactions and aid in the design of
inhibitor-based follow-up perturbation experiments. An interactive web interface allows investigation of predicted
kinase-substrate interactions from human and major eukaryotic model organisms.

E°NetworKIN | ~EZNetPhorest

NetworKIN is a method for predicting in vivo kinase- NetPhorest is a non-redundant collection of 222
substrate relationships, that augments intrinsic sequence-based classifiers for linear motifs in
specificities of kinases with cellular context for kinases phosphorylation-dependent signaling, including
and phosphoproteins. kinases, phosphatases, SH3 domains and more.

Substrate P-site KIN/SH3..

MDM2 S17 ATM

PAKS
Y60 KDR
MAP2KS
Sled PKBux
Chak2

PKB«

Additional resource: KinomeSelector which enables the user select an optimal kinase panel to assess the
kinome-wide selectivity of kinase inhibitors.
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Ceonter for Protein Research

(C) 2005-2013 Rune Linding and Lars Juhl Jensen
Web-development: Heiko Horn and Jinho Kim
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& python

http://kinomexplorer.info



http://kinomexplorer.info/

NetworKIN is an integrated framework for modeling kinase-substrate interactions and aid in the
design of inhibitor-based follow-up perturbation experiments. An interactive web interface allows
investigation of predicted kinase-substrate interactions from human and major eukaryotic model

organisms.

B~ NetworKIN i Home Download Help Contact

Set your organism
( Human 3)

Paste sequences (FASTA format) or protein names (one per line) below Examplciﬁl ,#2,#3

In case you have more than 100 sequences, please consider using the high throughput workflow.

The web service allows a user to submit protein sequence, name, or id.

Select Phosphosites

Click

Let’s start with example sequences

http://kinomexplorer.info/
http://networkin-beta.cbs.dtu.dk/
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B~ NetworKIN < Home Download Help Contact

Set your organism
( Human 4]

Paste sequences (FASTA format) or protein names (one per line) below Example:#1, #2, #3
In case you have more than 100 sequences, please consider using the high throughput workflow.

>000151
MTTQQIDLQCGPCGPWCFRLVCCKDFEQPLAISRVTPGSKAALANLCIGDVITAIDGENTSNMTHLEAQNRIKGCTDNLTLTVARSEHKVWSPLVTEECKRHPYKMNLASEPQEVL
HIGSAHNRSAMPFTASPASSTTARVITNQYNNPAGLYSSENISNFNNALESKTAASCGVEANSRPLDHAQPPSSLVIDKESEVYKMLQEKQELNEPPKQSTSFLVLQEILESEEKCGDPN
KPSGFRSVKAPVTKVAASICNAQKLPMCDKCCTGIVGVFVKLRDRHRHPECYVCTDCCTNLKQKGHFFVEDQIYCEKHARERVTPPECYEVVTVFPKSQSQSQSQSQ
>000418
MADEDLIFRLECVDGCQSPRACHDCDSDCDSDDEEGYFICPITDDPSSNONVNSKVNKYYSNLTKSERYSSSCSPANSFHFKEAWKHAIQKAKHMPDPWAEFHLEDIATERATR
HRYNAVTCEWLDDEVLIKMASQPFGRCAMRECFRTKKLSNFLHAQQWKCASNYVAKRYIEPVDRDVYFEDVRLQMEAKLWGEEYNRHKPPKQVDIMQMCIIELKDRPCGKPLFH
LEHYIEGKYIKYNSNSGFVRDDNIRLTPQAFSHFTFERSGHQLIVVDIQCGVGDLYTDPQIHTETGTDFGDCGNLGVRCMALFFYSHACNRICESMGLAPFDLSPRERDAVNQONTKLL
QSAKTILRGTEEKCCSPQVRTLSGSRPPLLRPLSENSCDENMSDVTFDSLPSSPSSATPHSQKLDHLHWPVFSDLDNMASRDHDHLDNHRESENSGDSCYPSEKRCGELDDPEPRE
HCGHSYSNRKYESDEDSLGSSCRVCVEKWNLLNSSRLHLPRASAVALEVQRLNALDLEKKIGKSILGKVHLAMVRYHECGGRFCEKGEEWDQESAVFHLEHAANLGELEAIVGLGLM
YSQLPHHILADVSLKETEENKTKGFDYLLKAAEACDRQSMILVARAFDSCQONLSPDRCQDWLEALHWYNTALEMTDCDECCEYDCGMQDEPRYMMLAREAEMLFTCCYGLEK
DPQRSCDLYTQAAEAAMEAMKCGRLANQYYQKAEEAWAQMEE

>P55196
MSACCRDEERRKLADIIHHWNANRLDLFEISQPTEDLEFHCVMRFYFQDKAACNFATKCIRVSSTATTQDVIETLAEKFRPDMRMLSSPKYSLYEVHVSGERRLDIDEKPLVVQLN
WNKDDREGRFVLKNENDAIPPKAQSNGPEKQEKECGVIQNFKRTLSKKEKKEKKKREKEALRQASDKDDRPFQGEDVENSRLAAEVYKDMPETSFTRTISNPEVVMKRRRQQKLE
KRMQEFRSSDCGRPDSCGCGTLRIYADSLKPNIPYKTILLSTTDPADFAVAEALEKYGLEKENPKDYCIARVMLPPCAQHSDEKCAKEILDDDECPLQIFREWPSDKGILVFQLKRRPPD
HIPKKTKKHLECKTPKCGKERADGSCYCGSTLPPEKLPYLVELSPDGSDSRDKPKLYRLQLSVTEVCGTEKLDDNSIQLFGPGIQPHHCDLTNMDGVVTVTPRSMDAETYVECQRISET
TMLQSCMKVQFCASHVFKFVDPSQDHALAKRSVDCGGLMVKCGPRHKPCGIVQETTFDLCGDIHSCGTALPTSKSTTRLDSDRVSSASSTAERCMVKPMIRVEQQPDYRRQESRTQD
ASCPELILPASIEFRESSEDSFLSAIINYTNSSTVHFKLSPTYVLYMACRYVLSNQYRPDISPTERTHKVIAVVNKMVSMMECVIQKQKNIACALAFWMANASELLNFIKQDRDLSRIT
LDAQDVLAHLVQMAFKYLVHCLQSELNNYMPAFLDDPEENSLQRPKIDDVLHTLTGAMSLLRRCRVNAALTIQLFSQLFHFINMWLFNRLVTDPDSGLCSHYWCAIIRQQLGHLZ

' Select Phosghosites |

Click




NetworKIN suggests proteins based on sequence homology

B~ NetworKIN < Home Download Help Contact

The submitted sequences mapped to multiple targets in ENSEMBL (e-value <1e-40, identity >90%)
Please specify the right one.

Next

Q92266

@) PDPK2 @
SNAPAP ©
PDPK1 ©

Q9Z2HS5

(») EPB41L1 ©

000418

@ EEF2K @

P55196

(« MLLT4 ©

Q9Z2Q6

@) SEPT5 ©

000151

(»» PDLIM1 ©

Ne"\

Click

after confirming that the suggested proteins are right ones



B~ NetworKIN

Select minémax score 0

0.00
1 Q9Z2H5
ENSP0O0000337168
2 000418
ENSP00000263026
3 000151
ENSP00000360305
4 Q972Q6
ENSP00000328190
5 Q92266
ENSP0O0000371763

1.00

MITETGPDSE
SKAQKSPOKI
QIRSSPWNFA
RFAPNOTREL
WPKILKISYK
AQTROASALI
ELKPEQETTP
REGSEEKVKP
PELDRDKSDS
SAADSTQVDG
LSTSTTTHVT
MADEDLIFRL
FKEAWKHAID
WKCASNYVAK
SNSGEVRDDN
MGLAPFDLSEP
TPHSQKLDHL
VCVEKWNLLN
LCGELEAIVCGL
YNTALEMTDC
AQMEE

MITOQIDLOG
VARSEHKVWS
NALESKTAAS
KAPVTKVAAS
YEVVIVEFPKS
QYVGFATLPN
KLTIVDTPGF
NIVPLIAKAD
RLYPWGIVEV
KLIRMKDEEL
MARACGEARAVE
YVKKLLNARR
CPSPEMVRED
RELATSREYA
TCTRFYTAET
CKSSDLWALG
PFFETITWEN
DTNSFELDLD
WEQELRPEAK

switch to
NetPhorest

Home

Download

High throughput experiments () Load sites from file:

Low throughput experiments

VKKAQEETPD
AKKFKSAICR
FITVKFYPPDP
EERIMELHKT
RENFYIKIRP
DRPAPFFERS
RHKQEFLDKP
PRPRAPESDT
ETEGLVFARD
CTPMVKDEMT
KTVKGGFSET

EGVDGEEOSPR
KAKHMPDPWA
RYTIEPVDRDV
IRLTPQAFSH
RERDAVNONT
HWPVFSDLDN
SSRLHLPRAS
CIMYSQLPHH
DEGCGEYDGEMO

PEPWCGFRLVG
PLVTEEGKRH
GVEANSRPLD
ICGNAQKLPMC
Q808085050

QVHRKSVKKG
GDAVNNSECW
CLVPSEIRKL
ENQAHCDFVK
RRMOEMLOKM
CGAGTPVACGPT
RVVLVNNILQD
TEPGSSPCIP
IKILEKRHII
VSALEYLHGK
CIIYQLVACL
LHOQOTPPKLT
FSEDEKRLLL
NFKTFFVHTP

QPEAAAAVTT
VILLDASEYE
AQLTEDITRY
YRCGMTPGEAE
CEYEQFESTI
SSKRYTMSRS
EDVLLKHQOAS
GDEDQDQERD
LKGPSSQEDE
TPPCITTETI
RIEKRIIITG

AGHDEDSDED
EFHLEDIATE
YFEDVRLOME
FTFERSGHQL
KLLOSAKTIL
MASRDHDHLD
AVALEVORLN
ILADVSLKET
DEPRYMMLAR

CKDFEQPLAT
PYKMNLASEP
HAQPPSSLVI
DKCETCIVGEV

FDFTIMVAGE
KPITDYVDOQD
KDRIREEIDK
LRNMLIRTHM
KOOMODQ

GRDLFAECLL
NAQERLRRLN
SGVSROGSTM
KENKVPYVTR
GITHRDLKPE
PPFRACNEYL
AYLPAMSEDD
EXQACGCENPNWH
NRTYYILMDPS

| Choose File |N...

PVTPAGHSHP
CEVEKHGRED
YLCLOLRADI
IHFLENAKKL
CFKLPNHRSA
LDGAEFSRPA
INELKRTLKE
AVFLKDNHLA
SGELEDSPDR
STTMENSLKS
DEDVDQDDAL

RGTEEKCGSP
NHRESENSG
ALDLEKKICGK
EENKTKGFDY
EAEMLFTGG

SRVTPGSKARA

EVLHIGSAH
DKESEVYXKML
FVKLRDRHRH

SCGLEKSTLVH
FEQYFRDESG
FCIHVYQFPE
HDLKDVTCDV

EFLRPAVOQL
HSVAKETARR
DETTAEARPS
ERDVMSRLDH
NILLNEDMHI
IFQKIIKLEY
EDCYCGNYDNL
QFVENNLILK
CNAHKWCRKI

ETNSNEKHLT
VLEDLVCEHL
ITGRLPCSFEV
SMYGVDLHHA
KRLWKVCIEH
SVSENHDACGP
PNSKLIHRDR
IERKCSSITV
GACSTPEMPD
CKCGAARMIPC
ALATKEAKLD

QVRTLSGERP
SCYPSEKRCGE
SILCGKVHLAM
LLKAREACGDR
CGLEKDPORSG

LANLCIGDVI
NRSAMPFTAS
QEKQELNEPP
PECYVCTDCG

SLFLTDLYKD
LNRXKNIQDNR
CDSDEDEDFK
HYENYRAHCIT

DSHVHAVRES
RAMLDSGVYP
TNPLOQHPAD
PFEVKLYFTE
QITDFGCTAKV
HFPEKFFPKA
LSQFCGFMOVS
MEPVDKRKCL
QEVWROQYQS

QODTRPAEQS
NLLEKDYFGL
THALLGSYAV
KDSEGIDIML
HTFFRLVSPE
DEDKREDDAE
DWDRERRLPS
SSTSSLEAEV
FESVKAETMT
POTVATEIRS
HPDMLVTKAV

PLLRPLSENS
LDDPEPREHG
VRYHEGCGRFC
QEMILVARAF
DLYTOARERAR

TAIDGENTSN
PASSTTARVI
KQSTSFLVLD
TNLKQKCGHEFF

RKLLSAEERT
VHCCLYFISP
QODRELKESA
QOMTSKLTQD

QVELREQIDN
PESPSKOAMA
LPPQPRKKRP
QDDEKLYFGL
LSPESKQOARA
RDLVEKLLVL
SSSSSHSLST
FARRRQLLLT
NEPDAAVD

LDMDDKDYSE
TYCDADSQXN
QAELGDYDAE
GVCANCGLLIY
PPPKCFLVMG
SCGCERRSEAEE
SPASPSPKCET
DEFTVIGDYHG
VESLAIRKKI
LSPIIGKDVL
VYRETDPSPE

ADCGLSERTTP
WLDPSKEIKK
EHVGENYVSEL
RDRLRINRFA
SKFRYSCGRTQ
CEVRTPTKIK
PEKASERACL
CGAFEDFSRSL
EPEAMLOSRV
TSTYGATAET
ERDKKPQES

GDENMSDYTF DSLPSSPSSA
canaigates s
CELWDDES AVELLE

DSGONLSPDR
MEAMKCGRLAN

MTHLEAQNRI
TNQYNNPACL
EILESEEKGD
VEDQIYCEKH

NOTVEILKHT
FCHELRPVDV
PFAVIGSNTV
SRMESPIPIL

LATELCRINE
RTTSQLYDAV
EDFKFCGKILG
SYAXKNGELLK
NSFVETAQYV
DATKRLGCEE
VETSLPOREG
EGPHLYYVDP

CODWLEALHW
QYYQKAEEAW

KGCTDNLTLT
YSSENISNFEN
PNKPSGFRSV
ARERVTPPEG

VDIEEKGVKL
CFMKALHEKV
VEAXKCGORVRE
PLPTPDAETE

DOKVALDLDP
PIQSSVVLCS
EGSFSTVVLA
YIRKIGSFDE
SPELLTEKSA
MECYCGPLKAH
SNIEQYIHDL
VNKVLKGEIP

380
cceYoyrcgnichoose phosphorylation sites,
e SR thi SEPVEETakeE SIS, TY sites as

400
480
560
640
720
800

80
160
240
320
400

80
160
240
320
400

80
160
240
320
400
480
560
640
720

Click



B NetworKIN & Home Download Help Contact

Sel‘em_nnxuc'ore o High throughput experiments (] Load sites from file: 0 & , —
Low throughput experiments |: Choose File :| N e [ Start Prediction J

0.00 1.00

1 Q9Z2H5 MITETGPDSE VKKAQEETPQ QPEAAAAVIT PVTPACGHSHP ETNSNEKHLT QQDTRPAEQS LDMDDKDYSE ADCGLSERTTP 806 Pt
ENSP00000337168 SKAQKSPOKI AKKFKSAICR VTLLDASEYE CEVEKHGRGQ VLFDLVCEHL NLLEKDYFGL TYCDADSQKN WLDPSKEIKK 160 Ep

QIRSSPWNFA FIVKFYPPDP AQLTEDITRY YLCLOLRADI ITGRLPCSFV THALLGSYAV QAELCGDYDAE EHVCENYVSEL 240

RFAPNQTREL EERIMELHKT YRCGMTPCGEAE IHFLENAKKL SMYGVDLHHA KDSEGIDIML GVCANGLLIY RDRLRINRFA 320

WPKILKISYK RSNFYIKIRP GEYEQFESTI GFKLPNHRSA KRLWKVCIEH HTFFRLVSPE PPPKGFLVMG SKFRYSGRTQ 400

AQTROASALI DRPAPFFERS SSKRYTMSRS LDCGAEFSRPA SVSENHDAGP DEDKREDDAE SGCERRSEAEE CGEVRTPTKIK 480

ELKPEQETTP RHKQEFLDKP EDVLLKHQAS INELKRTLKE PNSKLIHRDR DWDRERRLPS SPASPSPKCT PEKASERAGL 560

REGSEEKVKP PRPRAPESDT GDEDQDQERD AVFLKDNHLA IERKCSSITV SSTSSLEAEV DFTVIGDYHG CGAFEDFSRSL 640

PELDRDKSDS ETEGLVFARD LKGPSSQEDE SGCLEDSPDR GACSTPEMP) FESVKAETMT VSSLAIRKKI EPEAMLOSRV 720

SAADSTQVDG GTPMVKDEFMT TPPCITTETI STTMENSLKS CGKCGAAAMMIPC POTVATEIRS LSPIICGKDVL TSTYGATAET 800

LSTSTTTHVT KTVKGF ERDKKPQES 880

2 000418 MADEDLIFRL 80
ENSPO0000263026 FXEAWKHAID 1 160
WXGASNYVAX ‘ The page at kinomexplorer.info says: ? 240

SNESGFVRDDN . : 320

MGLAPFDLSP ; ’ No sites for prediction selected SLPSSPSSA 400

TPHSOKLDHL 1 , Should the prediction run on all sites? EDSLESSE 480

VCVEKWNLLN 560

LCELEAIVCGL 640

YNTALEMTDC 720

AQMEE 800

3 000151 MTTOQIDLOG 80
ENSP00000360305 VARSEHKVWS 160
NALESKTAAS 240

YEVVIVFPKS QSQSQSQSQ 400

4 Q972Q6 QYVGFATLPN QVHRKSVKKG FDFTLMVAGE SCGLGKSTLVH SLFLTDLYKD RKLLSAEERI NQTVEILKHT VDIEEKGVKL 80
ENSP00000328190 XLTIVDTPGF GDAVNNSECW XPITDYVDQQ FEQYFRDESE LNRXNIQDNR VHCCLYFISP FCHGLRPVDV GFMKALHEXKV 160
NIVPLIAKAD CLVPSEIRKL XDRIREEIDK FGIHVYQFPE CDSDEDEDFK QQDRELKESA PFAVIGSNTV VEAKGORVRG 240

RLYPWCIVEV ENQAHCDFVK LRNMLIRTHM HDLXDVTCDV HYENYRAHCI QOMTSKLTQD SRMESPIPIL PLPTPDAETE 320

KLIRMKDEEL RRMQEMLOXM XQOOMQODQ 400

5 Q9z266 MAAACSAAVSE CACTPVACPT CGRDLFAECGLL EFLRPAVQQL DSHVHAVRES QVELREQIDN LATELCRINE DQXVALDLDP 80
ENSP00000371763 YVKXLLNARR RVVLVNNILQ NAQERLRRLN HSVAKETARR RAMLDSGVYP PGSPSKQAMA RTTSQLYDAV PIQSSVVLCS 160
CPSPSEMVRSQ TEPGSSPCEIP SGVSRQGESTM DETTAEARPS TNPLOQHPAD LPPOPRKKRP EDFKFCGKILE EGSFSTVVLA 240

RELATSREYA IKILEKRHII KENKVPYVTR ERDVMSRLDH PFFVKLYFTF QDDEKLYFCL SYAKNGELLK YIRKIGSFDE 320

TCTRFYTAEI VSALEYLHCGK GIIHRDLKPE NILLNEDMHI QITDFGTAKV LSPESKQARA NSFVGTAQYV SPELLTEKSA 400

CKSSDLWALG CIIYQLVAGL PPFRACGNEYL IFQKIIKLEY HFPEKFFPKA RDLVEKLLVL DATKRLGCEE MECGYGPLKAH 480

PFFETITWEN LHQQTPPKLT AYLPAMSEDD EDCYCGNYDNL LSQFGFMQOVS SSSSSHSLST VETSLPORSE SNIEQYIHDL 560

DINSFELDLD FSEDEKRLLL EXQACGCNPWH QFVENNLILK MGPVDKRKXGL FARRRQLLLT EGPHLYYVDP VNKVLKGEIP 640

WSQELRPEAK NFKTFFVHTP NRTYYIMDPS CNAHKWCRKI QEVWROQYDS NPDAAVD 720

KAPVTKVAAS ICGNAQKLPMC DKCGTGIVGV FVKLRDRHRH PECYVCTDCG TNLKQKGHFF VEDQIYCEK!@ITI d’i 320



Results

B~ NetworKIN =

?

Minimumscore @ ‘ Max. difference

2.00

switch to
NetPhorest

O | ¥KIN | 14-3-3
MPTB MSH2

Home

Kinase MAPK13 2. VDGGRSPRACH € =@
S74 Kinase MAPK13 2.0509 :
T254 ,Kinase"MAPK13 2.0168
S359 ‘’"Kinase ,MAPK13 2.0168
S366 . Kinase'p70S6Kb 2.8915 LSGSRPP € =@
p70S6K 2.6063 QVRTLSGSRPP € =@
S396 ‘Kinase:MAPK13 2.0509 DS SSAT €=@
T401 ,Kinase 'MAPK13 2.0509 SPSSATPHSQK € =@
S464 'Kinase,p70S6Kb , HGHSYSNRKYE € =@
p70S6K 2. ARKYE € =@

Y1235 ,PTB

FRS2

T20

' i Q9z266
Kinase:PKCiota 2.0760

PVAGPTGRDLF € =@

S112

Kinase'PKCiota 2.0760

RRLNHSVAKET € =@

1117

Kinase ,PKCiota 2.2127

SVAKETARRRA € =@

S301

Kinase'PKCiota 2.3665

LYFGLSYAKNG € =@

1367

Kinase PKCiota 2.2127

ITDFGTARVLS € =@
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Exercisel.

Q. Using NetworKIN, find top 3 kinases that are

predicted to phosphorylate $39 position in human N-
RAS protein.

Protein sequence of human N-RAS

>sp|P01111|RASN HUMAN GTPase NRas OS=Homo sapiens GN=NRAS PE=1 SV=1
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAG
QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINLYREQIKRVKDSDDVPMVLVGNKCDL

PTRTVDTKQAHELAKSYGIPFIETSAKTROGVEDAFYTLVREIRQYRMKKLNSSDDGTQG
CMGLPCVVM

NetworKIN web site

http://kinomexplorer.info/
http://networkin-beta.cbs.dtu.dk/



http://kinomexplorer.info/
http://networkin-beta.cbs.dtu.dk/

Not all the residues are accessible by kinases.

Core residues are not accessible by kinases

http://pipe.scs.fsu.edu/



http://pipe.scs.fsu.edu/

Exercise2. Predict phosphosites of MDM2 (human) and
kinases that phosphorylate them.

* Find the sequence at Uniprot.org.
e Use NetPhos score cutoff 0.7 for phosphosite prediction
e Use NetworKIN score cutoff 20 for kinase prediciton

How many phosphosite-kinase interactions were predicted?
Which one is the most probable one!?

Exercise3.Add S395 manually and run again with the
same cutoffs.

How many phosphosite-kinase interactions were predicted?
Which one is the most probable one!?



High-throughput workflow of NetworKIN

Thousands of phosphosites
on thousands of proteins

You are only interested in the detected phosphosites, not all
S, T,Y sites



B~ NetworKIN < Home Download Help About

Set your organism

Paste sequences (FASTA format) or protein names (one per line) below Example:#1, #2, #3

In case you have more than 100 sequences, please consider using the high throughput workflow.

Select Phosphosites

Click



B~ NetworKIN < Home Download Help About

Select the sequence database:

( Ensembl 74 (human)

+)

Put modified sites below in the format Protein ID, Position, Residue (space/tab delimited) Example:#1, #2, ProteomeDiscoverer

ENSPO0O000298139
ENSPO0000325863
ENSPO0000265433
ENSPO0000265433
ENSPO0000298139
ENSPO0000269305
ENSPO0O000325863
ENSPO0000265433
ENSPO0000278616

12928
678 S
278 S
343 S
11418
378 S
264 S
58 S
440 S

OR select a MaxQuant output file: | ChooFe File | No file chosen

| Submit |

Raw output from the search engine




Choose the right sequence database and version

B~ NetworKIN e Home Download Help About
| This is the high-throughput interface for NetworKIN. Click here to go back to the low-throughput version. x|
Select the sequence database:

¥ Ensembl 74 (human)
Ensembl 73 (human)
Ensembl 72 (human)
Ensembl 71 (human)
Ensembl 70 (human)

¢ format Protein ID, Position, Residue (space/tab delimited) Example:#1, #2, ProteomeDiscoverer

Ensembl 69 (human)
Ensembl 68 (human)
Uniprot 2013/12 (human)
NCBI 62 (human)
Ensembl 74 (yeast)
Ensembl 73 (yeast)
Ensembl 72 (yeast)

Ensembl 71 (yeast)
Ensembl 70 (yeast)
Ensembl 69 (yeast) file: | choose File | No file chosen
Ensembl 68 (yeast) -

Uniprot 2013/12 (yeast)

NCBI 62 (yeast)

Uniprot (Maxquant 01/2013)

STRING 5.0




B~ NetworKIN =

switch to
NetPhorest

Home

Download

Not all submitted identifier could not be mapped to a unique STRING entity.
Please select a desired isotype or homolog.

Next |

ENSP00000355746

(s) PSEN2 (100.00% 448AA) ©
() PSEN1 (64.81% 425AA) ©

ENSP00000352925

(=) TRRAP (99.22% 3859AA) O

) ATR (24.02% 226AA)

ENSP00000402030
(») LIG4
ENSP00000366863
(») TBC1D4
ENSP00000269305
(») TP53
ENSP00000298139
(&) WRN
ENSP00000347232
(=) BLM
ENSP00000278616
(= ATM
ENSP00000295266
(=) PDHA2
ENSP00000358576
(=) DCLREIB

i

o

Help

About



B~ NetworKIN <o Home Download Help

Not all submitted identifier could not be mapped to a unique STRING entity.
Please select a desired isotype or homolog. — I i C I (

| Next<€e=
ENSP00000355746

(=) PSEN2 (100.00% 448AA) ©

) PSENI1 (64.81% 425AA)
ENSP00000352925

() TRRAP (99.22% 3859AA) O

) ATR (24.029% 226AA)
ENSP00000402030
@ LIG4
ENSP00000366863
@ TBC1D4
ENSP00000269305
@) TP53
ENSP00000298139
& WRN
ENSP00000347232
@ BLM
ENSP00000278616
@ ATM
ENSP00000295266
@) PDHA?2
ENSP00000358576
@ DCLREIB

o

o

Reflect - PSEN1 ()
Protein Add About
PSEN1 (ENSP00000326366) H. sapiens Edit

PS1; presenilin-1; presenilin 1; presenilin1; PSEN-1; C-PS1 Al

PSN1_HUMAN, Sequence, Domains, Structure, Locus, Literature

- ——— — ee——

MTELPAPLSYFONAQMSEDNELSNTVRSONDNRERQEENDRRSLGHPI4)

No structure
information
available

Presenilin-1 (EC 3.4.23.-) (PS-1) (Protein S182) [Contains: Presenilin- 4

1 NTF subunit; Presenilin-1 CTF subunit; Presenilin-1 CTF12 (PS1- ;. v

About

Click




B~ NetworKIN e Home

Minimumscore @ | Max. difference @ |MKIN @ SHz | PTP  PTB
e 4
.! - 4'_ 00 #14-3-3BRCT ' WW MWD40

ENSP00000219476
S1341 Kinase PDHK1 8.24  SSSVSSQEEKS €= =@
GSK3beta  5.77  SBSVSSQEEKS @ =@

-

Download

10
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128.36 NSFLESEKREY € =@
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.
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ENSP00000265433 —
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S278 Kinase ATM 228.14 TGITNSQTLIP € =@

BRCT BRCA1 3.74 TGITNSQTHIP € =@
MDC1 3.42 TGITNSQTHIP € =@
S343 Kinase ATM 228.14 PGPSL SV €=@
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S397 Kinase ATM 214.52 KFRMLSEDAPT € ~@
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Help About

Max. # of Predictions®

Update

Real time filter ©
for results (¥
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Change

@KIN (JSH2 [ PTP [ PTB
I 4
20. 4,00 14-3-3¥BRCT ~ WW MWD40

ENSP00000219476 —

ENSP00000261716
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ENSP00000265335 =
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[ JMax. difference @
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—
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IN i Home Download

Max. # of Predictions®
10

About

Real time filter ©
for results (¥

save
€

|
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= Download results l!]!!!

Please select which dataset
to download:

&

Full Fiered
dataset dafaset

Click




Exercise 4. Predict ATM kinase targets with example

#1 through high-throughput workflow. (Use a cutoff:
20)

How many phosphosite-ATM kinase interactions were predicted!?
Which one is the most probable one!?



Exercise 5. Predict phospho-interactions using known
phosphosites (phosphosites.txt) through high-

throughput workflow. (Choose Ensembl 70 (human)
and Use a cutoff: 20)

* How many phosphosite-ATM kinase interactions were predicted!?

* Which one is the most probable one!?

* Are the substrate and kinase involved in the same biological
process!

* What happens if you choose Ensembl 68 (human) instead of

Ensembl 70



Exercise 6. Predict kinases that phosphorylate T| 162
and T2446 of human MTOR protein through both
Low- and High-throughput workflows.



